WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 

C08J 5/18, 9/00, B29C 67/20, C08K 3/26, 
C08L 23/08 // 23:08 



Al 



(11) International PublicaUon Number: WO 99/14263 

(43) International Publication Date: 25 March 1999 (25.03.99) 



(21) International Application Number: PCT/US98/19152 

(22) International Filing Date: 15 September 1998 (15.09.98) 



(30) Priority Data: 
08/932,817 



1 6 September 1 997 ( 1 6.09.97) US 



(71) Applicant: KIMBERLY-CLARK WORLDWIDE, INC. 

[US/USj; 401 North Lake Street. Neenah. WI 54956 (US). 

(72) Inventors: TOPOLKARAEV, Vasily Aramovich; 1730 S. Lee 

Street, Appleton, WI 54915 (US). TSAI. Fu-Jya; 2517 
Gatewood Drive, Appleton, WI 54915 (US). 

(74) Agents: YEE, Paul, Y. et al.; Kimberly-Clark Worldwide. Inc.. 
401 North Lake Street. Neenah, WI 549S6 (US). 



(81) Designated States: AL, AM. AT, AU, AZ. BA, BB, BG, BR, 
BY, CA, CH, CN, CU. CZ, DE, DK, EE, ES, FI. GB, GE. 
GH, GM, HR, HU, ID. IL. IS, JP. KE. KG, KP, KR, KZ. 
LC, LK, LR. LS, LT. LU, LV, MD. MG. MK. MN, MW, 
MX, NO. NZ, PL, PT, RO, RU, SD. SE, SG, SI. SK, SL, TJ. 
TM, TR, TT, UA, UG. UZ. VN. YU, ZW, ARIPO patent 
(GH. GM, KE. LS. MW, SD, SZ. UG, ZW), Eurasian patent 
(AM, AZ. BY, KG. KZ. MD. RU. TJ, TM). European patent 
(AT. BE. CH, CY. DE, DK, ES. FI, FR. GB, GR, IE, IT. 
LU, MC, NL, PT. SE). OAPI patent (BF, BJ, CF, CG, CI. 
CM, GA. GN, GW. ML. MR. NE, SN. TD. TG), 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: PROCESS FOR MAKING MICROPOROUS FILMS 



MYOROMtUC 
FUNCTIOM 
tMPR£6MAT(0N 
(niiCll CQATtNO/ 
GIIAFTIM«| 




Mootnco t 
FiLm r 




THCRMOPUSnC 
RCSIN 


u 


r ■ 



I PCLIKTS I ^ CASTIWG/aLOWlM»| 





UNIAXIAL/ 

BIAXIAL 

STRCTCHtHt 



UNIAXIAL/etAXIAL 
FORMATlON'STRCfCMINO 
IN CONTACT WITH 

suAFACc Acrive 




STRKTCHCO 
FILM FOSf. 
TRCATMENT 



(57) Abstract 

A distinctive technique for making a microporous film Includes a stretching of a layer composed of a polymer material and at least 
about 5 wt.9E> of a particulate filler material. The particulate filler material has been distinctively treated with an operative amount of 
surface-active material having a HLB value of not less than about 6. Desirably, the stretching includes a biaxial stretching of the polymer 
layer. 
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PROCESS FOR MAKING MICROPOROUS FILMS 
Field of the Invention 

The present invention relates to the manufacture of synthetic films. More particularly, the 
Invention relates to a method and apparatus for making synthetic films which are porous 
5 and exhibit improved mechanical properties. 

Background of the Invention 

Porous films have been made by incorporating filler particles into a polymer material and 
10 stretching the material to form a film having voids induced. Such techniques, however, 
have not been adequate for forming thin porous films because the resultant films have 
been excessively thick or have inadequate mechanical properties, such as low strength 
and low toughness. 

15 Porous films have also been made by employing conventional phase separation methods. 
Such methods generally involve mixing a polymer resin with a diluent or a plasticizer. 
quenching the polymer solution in a liquid medium to induce phase separation, and 
washing away the diluent to leave behind an interconnected porous structure. Other 
techniques have employed a blowing agent or a swelling agent to create a microporous 

20 structure. Still other techniques have employed an environmental crazing to prepare 
porous materials. 

There have also been various conventional approaches for modifying a film with 
surfactant to impart hydrophilic properties. The film can be rendered hydrophilic by 

1 
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coating or chemically grafting the surfactant onto the surface of the film. Surfactant also 
can be compounded with the resin to impart hydrophilicity to the material. The coating 
technique typically does not provide retained wettability, and the surfactant can be easily 
washed from the surface of the film. The chemical grafting technique usually requires an 
5 additional and expensive processing step, and does not provide sufficient wettability for 
the interior of the material. The compounding of the surfactant with the polymer resin can 
provide partial wettability, but there can be an inadequate diffusion of the surfactant to the 
surface of the film. 

10 When producing porous polymer films, known conventional techniques have stretched 
sheets or layers composed of precursor materials which have contained up to 65 wt% of 
filler materials. When the precursor material is formed into a layer and then stretched, 
however, the conventional forming techniques, such as those described above, have not 
been able to produce porous films having desired physical properties. In particular, there 

15 has been a continued need for improved techniques for producing porous films having 
desired combinations of small thickness, high wettability, high permeability to liquid and 
water vapor, high elongation and high tensile strength. 

Brief Description of the Invention 

20 

Generally stated, the present invention provides a distinctive technique for making porous 
film. The technique includes a stretching of a layer composed of a polymer material and a 
selected amount of a particulate filler material. The particulate filler material has been 
treated with an operative amount of surface-active material having at least a minimum 
25 Hydrophile-Lipophile Balance (HLB) value. In particular aspects, the stretching includes a 
biaxial stretching of the polymer layer to provide a microporous film. 

In its various aspects, the technique of the invention can effectively produce porous films 
with desired morphologies. In particular aspects, the technique can efficiently produce 
30 films having desired combinations of small thickness, high wettability, high water- 
accessibility, high water vapor transmission rate, high tensile strength, high elongation to 
break and improved ability to be further processed to form other articles of manufacture. 



2 
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Brief Description of the Drawings 

The present invention will be more fully understood and further advantages will become 
apparent when reference is made to the followed detailed description of the invention and 
5 the drawings, in which: 

Fig. 1 shows a representative schematic view of the method and apparatus provided by 
the present invention. 

10 Detailed Description of the Invention 

As representatively shown in Fig. 1 , a method and apparatus for making a porous film 40 
provides for a stretching of a substantially continuous layer 32 composed of a polymer 
material and a minimum amount of a selected particulate filler material. The particulate 

1 5 filler material has been treated with an operative amount of a selected surface-active 
material. In desired aspects, the source material includes a thermoplastic, orientable 
material and at least about 5 wt% of a particulate filler material, where the weight 
percentage is determined with respect to a total weight of the overall source material. 
Desirably, the source material includes about 30 wt% of the filler material. In particular 

20 aspects of the invention, the particles of filler material have desirably been treated with an 
operative amount of surface-active material having a Hydrophile-Lipophile Balance (HLB) 
value of at least about 6, and in other aspects, the particles can have a selected particle 
size distribution. 

25 Desirably, the surface-active liquid can include a surfactant which operatively reduces the 
surface tension of water, and/or reduces a coefflcient of friction at the surfaces of the filler 
particles. In particular aspects of the invention, the layer 32 may be subjected to a 
selected plurality stretching operations, such as a biaxial stretching operation. Other 
aspects of the invention can include a formation-stretching of the substantially continuous 

30 layer 32 while the layer is in an operably effective contact with a second, formation- 
quantity of surface-active fluid, such as a surface-active liquid. 

When compounding the polymer resin and source material, the filler content can be varied 
and may be within the range of about 30 - 65 wt%. and the averag particle size of the 
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filler can be within the range of about 0.1-5 microns. The draw elongation during the 
stretching of the filled polymer sheets or lay rs can be within the range of about 
100 - 400%, and can provid a stretched film having a porosity value of up to about 
70 - 80%. The draw elongation can be determined with the formula: 100 ♦ (L, - L,)/ L, ; 
5 where L, is the initial length of a measured quantity of film prior to elongation, and is the 
final length of that film after stretching. 

The various aspects of the method and apparatus of the invention can provide a 
microporous film which exhibits improved wicking, can more quickly bring water or other 

10 liquid into the interior of a fibrous article, and can accelerate the dissolution kinetics for 
articles which are intended to be flushable. In addition, the invention can provide a 
microporous film which can help provide for improved absorbency, improved distribution 
of liquid, improved breathability in articles, such as surgical gowns and diapers, improved 
tactile and aesthetic properties, enhanced biodegradability, and/or an improved ability to 

15 be flushed down an ordinary, conventional toilet. The films may. for example, be 
particularly useful for producing flushable personal care products, such as diapers, 
training pants, tampons, feminine pads, pantiliners, and the like. 

It has been found that the wettability should be provided not only on the surface of the film 
20 but also within the porous or microporous channel structure to provide a driving force for 
liquid fiow into intrinsic, internal regions of the material. A major factor which can affect 
the access of liquid (e.g. water) into the microporous film structure can include the specific 
permeability of the film material, as determined by the pore geometry (pore size and size 
distribution) and by the connectivity and tortuosity of the three-dimensional pore structure. 
25 Other major factors can include the liquid viscosity, the liquid surface tension, the contact 
angle of liquid with microporous media, and the thickness of the material. As a result, the 
technique of the invention has been configured to provide porous film materials with 
specific microporous structures having controlled liquid permeability and to provide for 
particular interactions between the liquid with the microporous structure, such as by 
30 reducing or othenvise affecting the liquid viscosity and surface tension. 

Important factors which can contribute to a desired low level of rigidity in the porous 
film 40 include process parameters which can produce a high level of film porosity, an 
open-celt porous morphology, and a flexible polymer matrix in th film. Additional 
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important factors which can affect the strength of the porous film include processing 
parameters which can provide for desired configurations and combinations of pore volume 
cont nt, t nsile strength in the continuous polymer phase of the formed film, pore size 
and pore size distribution, and arrangement of pores. Such parameters can include, for 
5 example, the particular processing history, such as provided by compounding, stretching, 
annealing, quenching and the like, as well as the various combinations thereof. 

In the present invention, the polymer layer 32 is produced from a source material 28 
which includes a thermoplastic, orlentable material, such as a material composed of 
10 thermoplastic and orientable polymers, copolymers, blends, mixtures, compounds and 
other combinations thereof. Desirably, the thermoplastic materials do not Include highly 
reactive groups. 

In particular arrangements of the invention, the source material 28 can be a polyoiefinic 
15 material. For example, the source material may include homopolymers of polyethylene or 
polypropylene, or may include copolymers of ethylene and polypropylene. In other 
arrangements, the source material may include another polymer material, such as a 
polyether, a copolyether, a polyamid. a copolyamid, a polyester or a copolyester. as well 
as copolymers, blends, mixtures and other combinations thereof. 

20 

The thermoplastic material is desirably melt processible. and in particular aspects of the 
invention, the material can have a melt flow rate (MFR) value of not less than about 
0.2 g/10 minutes (based on ASTM D1238). Alternatively, the MFR value can be not less 
than about 0.4 g/10 minutes, and optionally, can be not less than about 0.8 g/10 minutes. 
25 In other aspects of the invention, the MFR value can be not more than 100 g/10 minutes. 
Alternatively, the MFR value can be not more than about 50 g/10 minutes, and optionally, 
can be not more than about 20 g/10 minutes to provide desired levels of processibility. 

Such a melt processible, thermoplastic polymeric material Is also stretchable in its solid 
30 state to allow a stretch processing of the filled film. To achieve the desired solid state 
performance, the polymer material is configured and selected to exhibit a particular ratio 
between the material's true tensile fracture stress (tensile force at failure divided by the 
cross-sectional area of the failed specimen), ci:, and the material's stress at yielding, a y. 
In particular aspects of the invention, the ratio or quotient between the true tensile 
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Strength and th yield strength (ap/a y) is desirably not less than 1, and alternatively is not 
less than 5. Optionally, the ratio between th true tensile strength and the yield stress is 
not less than 10. In other asp cts of the invention, the ratio between the true tensil 
strength and yield strength can be not more than 150, and alternatively can be not more 
5 than about 100. Optionally, the ratio between true tensile strength and yield stress can be 
not more than about 50. 

Examples of suitable melt processible, thermoplastic materials which allow an appropriate 
drawing in their solid state can be provided by a homopolymer polyethylene and 

10 copolymers of ethylene and C4- Ca a - olefin monomer. Particularly useful examples are 
known as "super-octene" resins. The "super-octene" resins can include the linear low 
density polyethylene (LLDPE) resins that are produced by the polymerization of ethylene 
and 1-octene comonomer, such as those designated as DOWLEX Next Generation (NG) 
resins, available from Dow Chemical Corporation, a business with offices located in 

15 Midland, Michigan. The "super-octene" resins are made with a catalyst system other than 
'metaliocene** or Insite® . The Next Generation DOWLEX resins are very suitable for 
demanding stretch applications. Suitable "super-octene" resins useful in the present 
invention include, for example, DOWLEX NG 3347A LLDPE resin which contain about 7% 
octene (nominal weight %) and 93% ethylene. Other resins suitable for this invention may 

20 include DOWLEX NG 3310. Still other suitable materials Include, for example, random 
copolymers, such as random copolymers containing propylene and ethylene, for example 
Union Carbide 6D81 and 6D82 random copolymers containing 5.5% ethylene, which are 
available from Union Carbide Corporation, the business having offices in Danbury, CT. 

25 The polymer resin or source material may contain small amounts (e.g. about 0.05 to 5 

parts of additive to 100 parts of resin) of processing additives and solid-state performance 
modifiers. Such additives may include calcium stearate or other acid scavengers, 
organosilicone compounds, silicon glycol copolymers, olefinic elastomers, and low 
molecular weight paraffin's or other lubricating additives. The various additives can have a 

30 plasticizing effect, can improve the strength and softness of the film, and can help 
facilitate one or more of the extrusion, film casting, and stretching processes. 

The source material for the film 40 can also include one or more supplemental materials, 
and the supplemental material may includ a filler material, as well as a surfactant or 

6 
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Other surface-active material. The filler material can b a particulate material which can 
help provide porosity-initiating, debonding sites to enhance the desired formation of pores 
during the various stretching operations applied to the film. Th surface-active liquid may 
be selectively introduced into the polymer material during its compounding phase. This 
5 can provide an internal source of the surface-active liquid in the situations where the 
surface-active liquid becomes operatively located at the interfaces within the polymer 
material, and/or where of the compounded surface-active liquid operatively migrates to 
the surface of the film and to any interfaces which are present in the polymer material or 
are evolved in the polymer material by subsequent processing. The potential candidates 
10 for the surface-active liquid can include the silicone-based surfactants which can provide 
very low surface energies and allow an efficient migration of the liquid to the various 
physical interfaces within the polymer material. 

In particular aspects of the invention, however, the filler particles can be configured and 
1 5 modified to provide distinctive, surface-modified particles which can help enhance the 
subsequent stretching operations. For example, the particular modification of the surface 
of the filler particles by the incorporation of lubricating and release agents can facilitate 
the formation of microvoids and the development of the desired porous structure by 
reducing agglomeration, as well as reducing adhesion and friction at the filler-resin 
20 interface. 

In addition to facilitating the microvoid initiation and pore growth, the surface-active liquid 
can be employed to carry or otherwise provide a selected hydrophiiic modifier to new 
interfaces which are generated during the formation of the porous structures within the 

25 stretched film 40. For example, low molecular weight surfactants can be dissolved in a 
surface-active liquid, and an advantageous, "in-situ" modification of the generated 
microporous structure can be achieved by the absorption of the hydrophiiic modifiers on 
the newly created interfaces at the pore walls. In particular, the monodisperse 
ethoxylates, silicon glycol copolymers and branched hydrocarbon chain sulfates can be 

30 very effective as wettability modifiers for microporous films. A high wetting rate and a high 
wetting effectiveness can be achieved with these surfactants. Both the surfactant type and 
the hydrocarbon chain structure of the surfactant can exert a significant influence on the 
rate and effectiveness of the wetting. 
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Thus, the surface modification of the fillers using selected hydrophilic surfactants can also 
provide a controlled interaction with aqueous liquids, and can allow d sired amounts of 
liquid access into the porous structure. Configurations of the invention which incorporate 
particularly selected, surface-modified fillers can also provide higher production speeds for 
5 the porous film, and can reduce the production costs of the film. In addition, the selected 
filler material can help preserve the pores that are generated during the various stretching 
operations. 

Where the supplemental material Includes a surface-active material, such as a surfactant 
10 or other material having a low surface energy (e.g. silicone oil), the surface-active material 
can help reduce the surface energy of the film as well as provide lubrication among the 
polymer segments which form the film. The reduced surface energy and lubrication can 
help create a "sliding effect" during the subsequent stretching operations. 

15 The supplemental filler material can be organic or inorganic, and is desirably in the form of 
individual, discrete particles. Examples of an inorganic filler can include metal oxides, as 
well as hydroxides, carbonates and sulfates of metals. Other suitable inorganic fillers can 
include, for example, calcium carbonate, various kinds of day, silica, alumina, barium 
sulfate, sodium carbonate, magnesium carbonate, magnesium sulfate, barium carbonate, 

20 kaolin, carbon, calcium oxide, magnesium oxide, aluminum hydroxide, titanium dioxide, 
powdered metals, glass microspheres, or vugular void-containing particles. Still other 
inorganic fillers can include those with particles having higher aspect ratios, such as talc, 
mica, and wollastonite, but such fillers may be less effective because they can act as a 
reinforcing elements, thus increasing rigidity of the filled resin and inhibiting void growth by 

25 restraining plastic yielding and drawing of the polymer resin. Representative organic 

fillers can include, for example, pulp powders, wood powders, cellulose derivatives, chitin, 
chitozan powder, powders of highly crystalline, high melting polymers, beads of highly 
crosslinked polymers, powdery of organosilicones, and the like, as well as combinations 
and derivatives thereof. 

30 

In particular aspects of the invention, the fillers can have an average particle size which is 
not more than about 10 microns (^m). Alternatively, the average particle size can be not 
more than about 5 ^m, and optionally, can be not more than about 1 iim to provide 
improved processibility. In other aspects of th invention, the top cut particle size is not 
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more than about 50 ^m. Alternatively, and the top cut particle size can be not more than 
about 20 )im, and optionally can be not more than about 8 ^m to provide improved 
processibility during the formation of film having the desired size and porous structure. 
The fillers may also be surface-modified by the incorporation of surfactants, and /or other 
5 materials, such as stearic or behenic acid, which can be employed to improve the 
processibility of the source material. 

In further aspects of the Invention, the amount of filler material can be not less than about 
5 wt% of the total composite weight of the polymer and filler materials. Alternatively, the 
10 amount of filler material is not less than 10 wt%, and optionally is not less than 20 wt%. In 
other aspects of the invention, the amount of filler material can up to about 90 wt% . 
Alternatively, the amount of filler material can be not more than about 80 wt% and 
optionally can be not more than about 70 wt%. Particular arrangements can incorporate 
about 30 wt% of filler material which is desirably in the form of particles. 

15 

Suitable filler materials can include one or more of the following: 

1. SUPERMITE, an ultrafine ground CaCOa, which is available from ECC International, a 
business having offices located in Atlanta, Georgia 30342, 5775 Peachtree-Dunwoody 
Road. This material can have a top cut particle size of about 8 ^m and a mean 

20 particle size of about 1 ^m. . This filler can be coated with a surfactant, such as DOW 
CORNING 193 surfactant, before the compounding or other combining with the source 
material . The filler can also be coated with other appropriate surfactants, such as 
those mentioned elsewhere in the present description. 

2. SUPERGOAT, a coated ultrafine ground CaCOa which is available from ECC 
25 International, a business having offices located in Atlanta, Georgia 30342, 5775 

Peachtree-Dunwoody Road. This material can have a top cut particle size of about 
8 )im and a mean particle size of about 1 ^m. 

3. OMYACARB UF, high purity, ultrafine, wet ground CaCOg, which is available from 
OMYA, Inc., a business having offices located in Proctor, Vermont 05765. This 

30 material can have a top cut particle size of about 4 ^m and a average particle size of 
about 0.7 )im, and can provide good processibility. This filler can be coated with a 
surfactant, such as Dow Corning 193 surfactant, before the compounding or other 
combining with the source material. The filler can also be coated with other 
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appropriate surfactants, such as those mentioned elsewher in the present 
description. 

4. OMYACARB UFT CaCOg . ultrafin pigment surface-coated with stearic acid, which is 
available from OMYA, Inc. This material can have a top cut particle size of about 4 ^m 
5 and a mean particle size of about 0.7 |im, and can provide good processibility. 

By modifying the surface of the filler particles to become substantially and/or significantly 
hydrophilic. at least a partial wettability of the intemai. microporous structure within the 
bulk of the film can be achieved. For example, silicon glycol copolymers, ethylene glycol 

10 oligomers, acrylic acid, hydrogen-bonded complexes, and other hydrophilic surfactants 
can be used as the surface modifiers. The fillers may be also subjected to a surface 
treatment with various coatings, surfactants or other surface-active materials to impart a 
desired affinity to the polymer resin, to reduce filler agglomeration, and/or to improve the 
dispersion of the filler, as well as to provide the controlled interaction with appointed fluids. 

15 such as body fluids, blood, water or other aqueous liquids. The surface-active materials 
can also be selected to provide for a plasticizing effect which can improve the drawing of 
the polymer layer 32 and enhance the formation of desired micropores within the drawn 
film 40. 

20 In addition to promoting the formation of microvoids and promoting increased water 

access, the modified fillers can optionally be configured to render other desired functional 
attributes to the film material. For example, calcium carbonate can increase the opacity 
and softness of the material and can reduce malodor. Deodorant properties may also be 
imparted into the film material by using other, specifically treated microporous fillers; e.g., 

25 silica gel particles. 

The surface-active material may be blended or otherwise incorporated into the source 
material employing various techniques. Various conventional techniques may also be 
employed for modifying a porous film with surfactant to impart hydrophilic properties. The 
30 film can, for example, be rendered hydrophilic by a coating or a chemical grafting of a 
surfactant onto the surface of the film. The surfactant also can be compounded with the 
polymer resin to impart hydrophilicity to the composite material. The coating technique, 
however, typically has not provided a sufficient level of retained wettability since the 
surfactant may be easily washed from the surface of th film. The grafting technique has 
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typically required an additional and expensiv processing step, and do s not provide 
sufficient w ttabiiity within the interior of the material. The compounding of the surfactant 
with the polymer resin can provide a partial wettability, but there can be an inadequate 
diffusion of the surfactant to the surfaces of the film. 

5 

The various aspects of the invention, however, can advantageously incorporate the 
surface-active material by having it carried into the source material and polymer layer 32 
by the filler particles, particularly by the outer surfaces of the filler particles. As a result, 
desired levels of wettability and other desired physical properties can be provided not only 
10 on the outer, major facing surfaces of the film, but also within the various porous, 
microporous or channel structures within the bulk of the film material to provide a 
mechanism for driving the liquid flow into the intrinsic, interior regions of the material. 



In particular, the aspect of modifying the filter particles with hydrophiiic surfactant can 
1 5 advantageously provide an increase in the apparent volume content of the surfactant 
associated with the filler particles, and can provide a substantially direct location and 
placement of the surfactant at the various physical interfaces and help modify the interior 
structure of the formed, microporous film. In addition, this aspect of the invention can 
provide for greater retained wettability as a result of better coupling of surfactant with a 
20 polar filler surface, and can provide for a shorter path for surfactant migration to the outer, 
major surfaces of the film. 



To impart the operative hydrophiiic function into the microporous film, the filler particles 
can be modified with hydrophiiic surfactant by a operative technique, such as by coating 

25 or grafting. The process of modifying the surfaces of the filler particles can, for example, 
include a coating of the surfactant onto the filler material employing a solvent-surfactant 
solution. For example, acetone or isopropanol can be employed as the solvent. After a 
solution coating of the filler material and a partial solvent evaporation, the surface- 
modified filler can be dried in an oven, and may then be further ground into particles. For 

30 example, the filler material can be dried under vacuum in a vacuum oven, and the drying 
temperature can be about 60 The amount of the surfactant at the filler surfaces can 
be controlled by regulating the weight percentage of the surfactant added to the filler 
weight. In particular configurations, the amount of surfactant was varied from about 3 
wt%, based on the total weight of the filler, to about 10 wt%. A desired surfactant 
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concentration can be about 6 wt%. The annount of surfactant on a dried fill r was 
measured by thermal gravim trio analysis (TGA). 

The filler can be also be modified with surfactant by employing a high shear mixer such as 
5 a HENSCHEL high intensity mixer, or can be coated by using various blending 
techniques. For example, the process of the filler modification can be scaled up by 
employing a rubber blender and tumble blending technique to incorporate a surfactant 
loading of about 6 wt%. 

10 In particular aspects of the invention, the surfactant, or other surface-active material, can 
have a Hydrophile-Lipophile Balance (HLB) number which is not more than about 18. 
Alternatively, the HLB number is not more than about 16, and optionally is not more than 
about 15. In other aspects of the Invention, the HLB number is not less than about 6. 
Alternatively, the HLB number is not less than about 8. and optionally the HLB number is 

15 not less than about 12. When the HLB number is too low, there can be insufficient 
wettability. When the HLB number is too high, the surfactant may have insufficient 
adhesion to the polymer matrix of the source material, and may be too easily washed 
away during use. The HLB numbers of commercially available surfactants can, for 
example, be found in McCUTCHEON's Vol 2: Functional Materials, 1995. 

20 

Suitable surfactants can include silicon glycol copolymers, carboxilated alcohol 
ethoxylates, various ethoxylated alcohols, ethoxylated alkyi phenols, ethoxylated fatty 
esters and the like, as well as combinations thereof. 

25 Other suitable surfactants can, for example, include one or more of the following: 

(1) surfactants composed of ethoxylated alky! phenols, such as IGEPAL RC-620. 
RC-630, CA- 620, 630, 720, CO-530, 610, 630, 660. 710 and 730, which are available 
from Rhone^Poulenc, a business having offlces located in Cranbury, New Jersey. 

(2) surfactants composed of silicone glycol copolymers, such as Dow Coming D190, 
30 0193. FF400, and D1315, which are available from Dow Corning, a business having 

offices located in Midland, Michigan. 

(3) surfactants composed of ethoxylated mono- and diglycerides, such as Mazel 80 
MGK, Masil SF 19, and Mazel 165C, which are available from PPG Industries, a 
business having offices located in Gumee, IL 60031. 

12 



10 



wo 99/14263 PCTAJS98/19152 

(4) surfactants composed of ethoxylated alcohols, such as Genapol 26-L-98N, 
Genapol 26-L-60N. and Genapol 26-L-5. which are availabi from Hoechst Celanese 
Corp.. a business having offices located in Charlotte, NC 28217. 

(5) surfactants composed of carboxilated alcohol ethoxytates, such as Marlowet 
4700 and Marlowet 4703, which are available from Huls America Inc., a business having 
offices located in Piscataway, NJ 08854. 

(6) ethoxylated fatty esters, such as Pationic 138C, Patlonic 122A, and Pationic 
SSL, which are available from R.l.T.A. Corp., a business having offices located in 
Woodstock, IL 60098. 



The amount of surfactant or other surface-active material can be at least about 0.5 wt% of 
the total, composite source material. Alternatively, the amount of surfactant can be at 
least about 1 wt%, and optionally, can be at least about 2 wt%. In other aspects of the 
invention, the amount of the surfactant can be not more than about 20 wt%. Alternatively, 
15 the amount of surfactant can be not more than about 15 wt%, and optionally, can be not 
more than about 10 wt%. 

Detailed analyses were conducted to make the distinctive selections of the various 
processing parameters of the invention. For example, a particular assessment pertained 

20 to the dependence of the size of the initiated micropores upon the surface energy and the 
draw stress applied to the film. This dependence can be described by the Griffith 
criterion, which pertains to the tensile stress (a) associated with the loss in stability of 
microdefects. The criterion relates the tensile stress (a) to the size "r" of the microdefects 
in the polymer material of the layer 32 and to the surface energy (y) between the polymer 

25 material and the environment. According to the Griffith criterion, 

a = (4Yy/rV^^: (1) 

where: Y = Young's modulus of the film material; 
30 Y = surface energy between the film material and the environment; 

r = size of the microdefect; and 

o = stress associated with the loss in stability of a microdefect with size "r". 
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Thus, the lower the surfac nergy (y) between the polymer material and its surrounding 
environment, the lower the stress (a) required to create a micropore in a material having 
Young's modulus of "Y". In addition, th number of the initiated pores per unit volume can 
be increased due to the smaller dimensions of the microdefects involved in the process of 
5 forming the micropores. 

An analytical prediction for the debonding stress, a^, can be made by considering the 
conditions at which the energy balance will be favorable for the propagation of 
microdefects along the interfaces between polymer resin and the individual filler particles. 
10 The dependence of the debonding stress, o^, upon the particle radius (R), the interfaciai 
energy (y), and the polymer matrix elastic modulus (E) can be represented, in a simplified 
form, by the following formula: 



15 



a,= [(4KyE)/(AqR)r (2) 

where "A" is a geometrical constant, and "q" is a factor which depends on the filler loading 
(particle separation). 

This formula can be employed to predict of the debonding stress and the efficiency of the 
20 microvoid nucleation by a filler particle, as a function of the filler loading, the size of the 
filler particles, the characteristics of the interface between the filler particle and polymer 
resin, and the mechanical properties of the polymer resin. 

Accordingly, it is believed that an increase of the filler particle loading in the polymer 
25 layer 32, and the consequent reduction In the separation distance between the individual 
particles, can reduce the debonding stress required for the nucleation of pores or voids in 
the polymer layer, as a result of the overiapping of stress distribution fields from adjacent 
particles, it Is believed that the debonding stress can be reduced at the high filler loading, 
and the void nucleation can be more effective when the particle separation is less than the 
30 particle diameter (e.g. the filler loading is more than 15 vol%). This condition provides an 
advantageous overiapping of the stress distribution fields. Thus, the required debonding 
stress should decrease with particulate filler loadings greater than about 15 vol%, or with 
particulate filler loadings greater than about 30-35 wt%. 
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In addition, it is not d that a relatively broad partial size distribution can be incorporated 
to provide a better spac filling and an enhanced interaction (stress field overlap) of 
adjacent particles. In contrast, a substantially unimodal. or uniform particle size 
distribution can reduce the efficiency of the space filling because of geometrical packing 
5 restrictions, and can reduce the efficiency of the debonding and void nucleation 
operations. 

It is also noted that the interfacial surface energy and the various interactions between the 
particle surfaces and the immediately adjacent polymer material can play an important 
10 role in the debonding process. A reduction of such interactions, such as reductions in the 
surface energy and the adhesion, at the filler-resin interface can significantly reduce the 
debonding stress and promote the nucleation of pores and voids. In contrast, an 
excessively high surface energy or high adhesion, can suppress the debonding process 
and prevent the filler particle from providing a nucleation site for void growth. 

15 

In particular aspects of the invention, a selected treatment of the surfaces of the filler 
particles to provide a low coefficient of friction at the filler-resin interface can significantly 
enhance the area of debonding between the individual filler particles and the surrounding 
polymer resin, and can provide more favorable conditions for the desired nucleation and 
20 growth of microvoids. 

There has also been found a dependence between the debonding stress and other 
parameters of the polymer material, such as the polymeric resin modulus and the particle 
size. Furthermore, it is also possible to estimate minimum critical particle size (diameter), 

25 DcRi at which debonding is unlikely to occur, and the particle cannot be considered as an 
effective void nucleation site. With reference to the above equation (2), the debonding 
stress, , can be reduced with an increase of the particle size. In contrast, the 
debonding stress will dramatically increase when the particle sizes are reduced into the 
submicron range. An increase in the resin modulus can allow for an increase in the 

30 available debonding stress. Since the tensile stress applied to the filled polymer material 
during the stretch processing, is limited by the available drawing stress, the particles 
exhibiting a debonding stress higher than the maximum allowable drawing stress cannot 
be debonded. Therefore, the excessively small particles, with sizes less than the critical 
partici size, will not effectiv ly generate desired levels of void nucleation. Accordingly, it 
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can be important to r due or substantially eliminate such partici sizes from the small- 
particle-siz tail within the particle size distribution of the filler material. 



The critical particle size can be estimated by using the typical values for the resin modulus 
5 and interfacial surface energy. Accordingly, an approximate critical particle size for 

polyethylene is in the range of about 0.1 - 0.2 microns (|am) and for polypropylene is in the 
range of about 0.05 - 0.1 microns. This indicates that very fine grades of filler with particle 
size below about 0.2 microns can be less effective in the void nucleation operation, as 
compared to larger particle sizes. Desirably the filler particle size is at least about 0.5 
10 microns. At the same time, the filler grades with a particle size more than about 

5 microns, while efficient for void nucleation, can lead to material failure during stretching 
due to the frequent formation of critical flaws. 

For an efficient microvoid nucleation by the filler particles, the size of the filler particles 
15 should be above the critical size for debonding, have a broad size distribution to increase 
the level of space filling, and should have a clear top cut size to prevent flaw formation. 
The interface should also be provided with a low surface energy, a low adhesion, and a 
low coefficient of friction. In addition, the filler loading should be high to provide numerous 
nucleation sites, and the resin modulus should be low to reduce the required amount of 
20 applied debonding stress. 

A proper selection of the polymer resin material can also be important to providing a 
composite polymer layer 32. composed of polymer resin and filler particles, wherein the 
composite has a desired combination of high ductility and strength. The yield stress of the 

25 filled polymer layer can be estimated by assuming that the effective load-bearing cross- 
section of the polymer material decreases as a result of interfacial debonding and the load 
redistribution within the matrix of polymer material. For a cubic array of spherical particles 
that are partially detached from the polymer matrix, one can estimate the effective load- 
bearing cross-sectional area, Aeir. Assuming further that only the matrix is load bearing at 

30 the yield point, the yield stress of the composite can be given as 

aYC = CIyp(1-pyO (3) 
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where a yc 'S th yield stress of the composite; oyp is a the yield stress of the polymer 
resin; Pyis a g ometrical parameter close to 1, and V is the filler volume content. 



The tensile fracture stress can be estimated by assuming that the effective load-bearing 
5 cross-section is decreased by the elongated voids formed within the drawn composite. 
The voids contribute to the total cross-sectional area at the fracture but are not load 
bearing. It is suggested that the load is carried by the drawn polymer ligaments existing 
between the voids, and that fracture occurred when these ligaments reached their true 
fracture stress. As a result, the true fracture stress of a stretched filled polymer can be 
10 represented by 

aFC = CTFp(1-PFV^) (4) 

where a^p is the true fracture stress of the polymer resin, cpc is the true fracture stress of 
15 the composite, and is a geometrical parameter which can have value between 2 and 3. 

The filled polymer composite can be stretched in a ductile mode only if its fracture stress 
is larger than its yield stress to thereby allow loads sufficient for material drawing and 
stretching. A ductile-to-quasi-brittle transition occurs because, with increasing loadings of 
. 20 filler particle volume, the true fracture stress, as determined by Pf. decreases more 

rapidly than the yield stress, as determined by Py. Where the selected polymer material 
can sustain longer amounts of ductile drawing with increased amounts of filler particle 
loading, the resultant stretched film 40 can exhibit larger levels of porosity, and higher 
levels of strength and ductility. 

25 

The critical filler content (V*) at the ductile-to-quasi-brittle transition can be determined 
from the condition that true yield stress is equal to the true fracture stress, and can be 
represented by 

30 V = [ (opp . Gyp) / (pp - Py Cyp) ] ^ (5) 

This equation indicates that the critical filler content, the content at which the composite, 
filled polymer layer loses its drawability and embrittles, can be controlled by selecting a 
matrix polymer material having an appropriate difference betwe n its tru fracture stress 
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and yield stress. In particular, the ductility can be maintained with high levels of filler 
content when the polymer resin exhibits a greater amount of strain hardening (increased 
true fracture stress), and exhibits a larger difference between its tru fracture stress and 
its yield stress. 

5 

With reference again to Fig. 1, the method and apparatus for making the porous film 40 
includes a supply system which provides and delivers the constituent component 
materials desired for producing a selected source material 28. In the representatively 
shown configuration, a treating mechanism, such a mixing device 20. can be configured to 
10 operably apply a surface-active material to a selected constituent component. The shown 
arrangement, for example, is configured to impart an operative hydrophilic function to a 
supply of particulate filler material 22. Optionally, the technique of the invention can be 
configured to incorporate the surface-active material into a supply of the thermoplastic, 
polymer resin material 26. 

15 

The component materials employed to form the source material for the film may be 
suitably intermixed or othenA^ise combined at various locations along the method and 
apparatus. For example, the component polymer materials and supplemental materials 
may be combined at a mixer prior to melting. Alternatively, the components may be 
20 combined in a mixer after melting, and optionally, may be combined within an extruder 24. 
In addition a combination of such mixing techniques may be employed. 

A compounding step can include the melt blending of the surface-modified filler with the 
selected polymeric resin. The compounding can be done by employing any operative type 

25 of melt mixing equipment which provides a sufficient level of filler dispersion and 

distribution. For example a FARREL high-intensity mixer, or other appropriate type of 
compounding equipment may be employed. Desirably, the components are combined in 
a single screw or twin-screw'^extruder, and the extruder can further include a static mixer 
to provide improved process efficiency due to improved dispersion of the filler and 

30 surfactant materials, and due to reduced agglomerations in the extruded material. 

An example of a suitable extruder is an lab scale HAAKE conical twin screw extruder, 
Rheomex TW 100. The extruder contains a pair of a conical screws with a length/diameter 
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(L/D) ratio of about 10/1. Such an xtruder is available from HAAKE, a business having 
offices in Paramus, New Jersey. 



In the representatively shown configuration, the selected component materials from the 
5 particle supply 22 and the polymer supply 26 are delivered to the extruder 24 which 
further processes the component materials to form the desired film-forming, source 
material 28. The component materials are suitably melted and intermixed by the extruder 
to generate the desired source material 28. The illustrated arrangement can, for example, 
be constructed to provide the source material in the form of pellets which may be 
10 convenient for further transport and processing. 

The prepared source material can then be processed to generate one or more precursor 
polymer layers 32. In particular, the selected source material is operably transported or 
otherwise delivered to a mechanism which converts the source material 28 into at least 
15 one substantially continuous filled polymer layer 32. Films or sheiets of resulting filled 

resin can be fabricated by a convenient technique, such as blowing, compression molding 
and/or casting. For the representative example of extrusion film casting, a HAAKE twin 
screw extruder can be employed with a 4-inch slit die attached. A chilled wind-up roll 
maintained at 15-20°C can be employed to collect the resultant polymer film layer. 

20 

The polymer layer 32 can be pretreated to prepare the layer for the subsequent stretching 
operation. The pretreatment can be done by annealing the resulting film at elevated 
temperatures, by spraying the polymer layer with a surface-active fluid (such as a liquid or 
vapor form of the surface-active material employed to surface-modify the filler material), 
25 by modifying the physical state of the polymer in the layer 32 with a ultraviolet radiation 
treatment, an ultrasonic treatment, a high-energy inradiation treatment, and/or other non- 
direct contact treatment, or a supercritical fluid treatment. In addition, the pretreatment of 
the polymer layer 32 may incorporate a selected combination of two or more of the 
foregoing techniques. 

30 

A suitable formation-stretching mechanism, such as provided by a uniaxial or biaxial 
stretching device 38. operatively elongates the polymer layer 32 along an appointed 
machine-direction (MD) 50. Additionally, the stretching device can be configured to 
operatively elongate the polymer layer 32 along an appointed transverse-direction (TD) 52 
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to provide at least a biaxial stretching of the layer. The MD and TD ar each aligned 
substantially along a plane generally defined by th polym r layer 32, and the TD is 
substantially perpendicular to the MO. 

5 An example of a suitable stretching device is a TM LONG Standard Stretcher, which is 
available from T, M. LONG CO. INC., a business located in Somerville, New Jersey. 
Other conventional stretching devices, such as a Bruckner laboratory stretcher, or a 
Marshall and Williams film orlenter, may also be employed. 

10 The process of generating the desired microporous structure can include a substantially 
elastic stretching of the filled polymer resin layer 32 having intact interfaces between the 
polymer and the particles of filler material, a debonding of the filler particles from the 
polymer resin as a result of accumulated elastic energy in the vicinity of the particles, a 
plastic defonmation of the polymer resin and growth of generated voids during a drawing 

1 5 elongation of the polymer layer, and a plastic failure of a selected portion the stretched 
polymer ligaments between voids to provide a void coalescence. The debonding step 
typically requires a low interfacial energy and a low adhesion between the filler particles 
and polymer resin. The void growth step proceeds at a high stress level or high 
temperature, and the void coalescence process develops at high filler loading and high 

20 stretch ratios. 

A uniaxial stretching of the polymer layer 32 typically generates isolated and elongated 
voids. A biaxial stretching of the polymer layer 32, however, can provides more effective 
conditions for the selected coalescence of the voids and the formation of the desired 

25 interconnected porous structure with substantially spherical or elliptical void shapes. The 
biaxial stretching can be conducted sequentially or substantially simultaneously. It has 
been found that the pore size, number of pores, and pore coalescence process can be 
controlled by the filler particle size, filler particle size distribution, interfacial energy 
(debonding efficiency), and filler spacing (filler loading). In addition, the conditions and 

30 modes of the stretch processing, such as the selection of the stretching temperature, rate 
of stretching, draw ratlo(s). uniaxial stretching, simultaneous biaxial stretching or 
sequential biaxial stretching, can help determine the resultant pore shape and size, as 
well as the interconnectivity of the porous structure. Thus, the porous morphology within 
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the final porous film 40 can be controlled by various factors during the compounding or 
material development phase, as well as during th processing or stretching phas . 



The formation of the desired microporous structures can optionally be controlled by 
5 stretching the filled polymer resin while the polymer layer 32 is in an operative contact with 
a suitable supply of a formation-quantity of surface-active fluid, which may be in the form 
of a gas or liquid and is provided by an applicator device 44. For example, the formation* 
stretching of the polymer layer 32 can be conducted while the polymer layer is operatively 
contacted with a bath of the desired surface-active llqt*id. 

10 

The surface-active fluid can advantageously reduce the surface energy between the film 
material and its immediate environment. An absorption of the surface-active fluid at the 
new interfaces of the polymer layer 32 can also reduce the surface tension and, when 
coupled with stress-assisted plastification of a polymer resin caused by a diffusion of the 

15 surface-active fluid into the polymer material, can facilitate an improved nucleation and 
growth of microvoids. While stretching the filled polymer resin in a contact with the 
surface active fluid, the microvoids can be initiated at structural irregularities or other 
physical non-homogenities, or microdefects of the polymer layer material. Such initiators, 
structural non-homogenities, can be provided by one or more of the following 

20 mechanisms: particulate filler/polymer resin interfaces; density and/or modulus 

fluctuations in a film material; submicron size voids and/or air bubbles; and any type of 
inclusions having a modulus and/or density which varies from that of the polymer resin, as 
well as combination of these mechanisms. 

25 The assisted stretching of the polymer layer 32 while the layer is in an effective contact 
with the surface-active fluid can provide a significant reduction in the surface energy of the 
polymer materiial that is in contact with the surface-active fluid, and can provide a broader 
variety of initiators for the nucleation of microvoids, as compared to a stretching of the 
polymer layer in air. Desirably the surface-active fluid is capable of providing for a surface 

30 tension which is less than the critical surface tension of the film material. In particular 

aspects of the invention, the selected surface-active fluid can be configured to provide for 
a surface tension which is less than the critical surface tension of the thermoplastic, 
orientable polymer material employed to form the layer 32. For example, where the 
polymer is polyethylen with a surface tension of about 31 dynes/cm, the surface-active 
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fluid can b selected to provide for a surface tension which is less than the 31 dynes/cm. 
Similarly, where the polymer is polypropylene with a surface tension of about 
30 dynes/cm, the surfac -active fluid can be selected to provide for a surfac tension 
which is less than the 30 dynes/cm. 

5 

Desired surface-active and/or plasticizing environments can. for example, be provided by 
the operative presence of various alcohols, e.g. n*propanol; organic solvents and 
plasticizing fluids, e.g. heptane; and various supercritical fluids which are known to exhibit 
a unique combination of solvent and transport properties. Other examples of suitable 
10 surface-active fluids include, for example, pure isopropanol, isopropanol with a small 
amount of water (e.g. less than 10 wt% water), and/or any other fluids or fluid mixtures 
which can provide for an operative surface tension. 

To more fully utilize the various effects of the filler particles, the biaxial stretching process 
was used in this study to create the unique porous structure and desired functional 
properties. In typical one-dimensional stretching, the film Is only stretched in the machine 
direction. In general, the pores generated by this method have a tendency to be 
elongated and eventually collapsed, resulting in reduced pore area. On the other hand, 
the biaxial stretching would allow us to open up the elongated and/or collapsed pore to 
further increase the pore area. In addition, the TO tension would allow the processed film 
to have a better dimension stability during process. The key parameters in the biaxial 
stretching include stretching ratio, stretching strain rate, and stretching temperature. In 
addition, the grip pressure to hold the film for stretching, the sequence of the stretching 
mode (TD vs. MD), and the equilibrium time are all important for the successful production 
of biaxially-stretched films with a good balance of high porosity and good mechanical 
properties. 

In particular aspects of the invention, the draw or stretching system can be constructed 
and arranged to generate a draw ratio which is not less than about 1 in both the machine 
30 and transverse directions. The draw ratio is the ratio determined by dividing the final 
stretched length of the polymer layer by the original unstretched length of the polymer 
layer along the direction of stretching. The draw ratio in the machine-direction (MD) can 
be not less than a minimum of about 1.1. Desirably, the draw ratio is not less than about 
1.2, and optionally, is not less than about 1.5. In other aspects, the stretching draw ratio 

22 



15 



20 



25 



wo 99/14263 PCTAJS98/19152 

in the MD can be not more than a maximum of about 10. Altematively, the MD draw ratio 
can be not more than about 7, and optionally can be not more than about 5 to provide 
desired effectiveness. 

5 The stretching draw ratio in the transverse-direction (TD) is desirably not less than 

about 1 . Alternatively, the draw ratio in the TD can be not less than 1 .2, and optionally is 
not less than about 1.5. In other aspects, the stretching draw ratio in the transverse- 
direction can not be more than about 10. Alternatively, the stretching draw ratio in the TD 
can be not more than about 7, and optionally can be not more than about 5 to provide 
10 desired effectiveness. 

The biaxial stretching can be accomplished simultaneously or sequentially. With the 
sequential, biaxial stretching, the first, initial stretching can be conducted in either the 
machine-direction or the transverse-direction. 

15 

During stretching, the film sample can optionally be heated. The TM LONG film stretcher, 
for example, can provide film heating by using two air heaters; one can be positioned 
above the sample and the other can be positioned below the sample. Each air heater has 
a separate controller to adjust its temperature. The two air temperatures are measured at 

20 the specimen and recorded. Temperature of the specimen cannot be measured directly 
with reasonable accuracy. For that reason, a less direct but more accurate method may 
be used. The sample can brought to equilibrium with air streams which are provided at 
particular, accurately measured air temperature and are directed to each side of the 
polymer layer appointed for stretching. The minimum time for temperature of the sample 

25 to reach equilibrium with the temperature of the air streams was about 10 min. 

Accordingly, the sample was exposed to the heated air streams for 10 min prior to 
stretching. The stretching of the polymer layer sample is desirably conducted at a 
drawing temperature which is.at least about 0 ^C. Altematively, the drawing temperature 
is at least about 10 and optionally is at least about 18 '^C. 

30 

In general, the stretching should be conducted at temperatures below the melting 
temperature of the polymer layer sample. In particular aspects, the drawing temperature 
is not more than about 170 °C. Alternatively, the stretching and drawing temperature is 
not more than about 130 ^'C, and optionally is not more than about 80 ^'C. When drawing 
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temperature is too high, polymer layer sample may become excessively tacky and may 
become difflcult to handle. In addition, excessively high t mperatures may decrease the 
efficiency of the system and excessively reduce the generation of the desired micropores 
Stretching at the lower temperature may promote a more efTicient debonding of the filler 
5 particles from the polymer resin material, and can promote the desired growth of the 
micropores. 

After gripping the polymer layer sample for the various stretching operations, the sample 
can be pre-tensioned to hold it flat for more even heating. This can be accomplished by 
10 employing conventional constant force controls to apply a small tension to take up any 
"slack" in the sample. 

In further aspects, the invention can be configured to deliver the porous film at a 
stretching rate of at least about 50% /min (50% per minute), as determined with respect to 

15 its initial length at the beginning of the stretching. Alternatively, the porous film can be 

delivered at a rate of at least about 100%/minute, and optionally can be delivered at a rate 
of at least about 500%/minute. In other aspects of the invention, the porous film can be 
delivered at a rate within the range of up to about 5000%/minute, or more. Alternatively, 
the porous fiber can be delivered at a rate of up to about 4000%/minute, and optionally 

20 can be delivered at a rate of up to about 2500%/minute. 

In other aspects of the invention, the formation stretched, porous film can then be 
delivered to a post-treatment device 42, such as a device which provides a heat setting or 
annealing operation. During the post-treatment operation, the stretched film may be held 
25 under tension at elevated temperatures. Other additional post-treatment processes or 

operations, such as a UV treatment, a ultrasonic treatment, a supercritical fluid treatment, 
as well as combinations thereof can be incorporated to modify the morphological state of 
the final stretched film. 

30 The heat treatment may. for example, be provided by an operative heating chamber which 
optionally, may be the same heating chamber as utilized for the stretching operation. The 
heat-setting step may be optional when the film is composed of particular types of 
materials, such as a polyolefin material, but may be required when the films are 
composed of other materials, such as a polyester. The heat setting operation can help 
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preserve th porous structure produced within th film sample, and can h Ip prot ct th 
resulting structur against shrinkage, especially when the porous film in Intended for use 
in extremely hot w ather. SuitabI heat setting temperatures can b within the range of 
about 20 up to the melting temperature of the polymeric material. For example, heat 
5 setting temperatures within the range of about 60 to about 120 ®C have been found to 
be desirable. During the heat setting operation, the film sample is held stretched to the 
desired stretch ratio to substantially avoid shrinkage of the film and to effectively maintain 
the porous structure within the film during the heat setting. The heat-setting process can 
be conducted in accordance with a selected, predetermined temperature-time profile. 

10 

In its various aspects, the technique of the present invention can provide a porous film 40 
which exhibits improved combinations of pore shape, pore size, pore distribution, film 
modulus, film tensile strength, and/or film elongation-to-break, as well as desired levels of 
breathability, wettability and/or water absorption. 

15 

The various arrangements of the invention can also provide a porous film 40 having a 
relatively low thickness. In particular aspects, the porous film can have a film thickness of 
not more than about 1 mm . Alternatively, the porous film thickness can be not more than 
about 0.5 mm, and optionally, can be not more than about 0.3 mm. In other aspects, the 
20 porous film can have a thickness of about 0.01 mm, or less, and optionally can have a 
thickness of about 0.05 mm, or less to provide improved performance. 

In other aspects, the technique of the invention can provide a porous film having tensile 
strength in a first, machine direction (MD) of not less than about 6 Mega-Pascal (MPa). 

25 Alternatively, the tensile strength can be not less than about 10 MPa, and optionally can 
be not less than about 15 MPa. In other aspects, the method and apparatus of the 
invention can provide for a microporous film tensile strength in the MD not more than 
about 300 MPa. Alternatively, the MD film tensile strength can be not more than about 
100 MPa, and optionally can be not more than about 40 MPa to provide improved 

30 performance and processibility during subsequent manufacturing operations. 

In further aspects, the invention can provide a film tensile strength in a second, transverse 
direction (TD) which is not less than about 6 MPa. Alternatively, the TD tensile strength 
can be not less than about 9 MPa, and optionally can be not less than about 12 MPa. In 
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Other aspects, the microporous film can have TD strength of not more than about 300 
MPa. Alternatively, the TD film strength can be not higher than 100 MPa. and optionally 
can be not more than 30 MPa. 



5 In still other aspects, the invention can provide a porous film 40 which exhibits a percent 
elongation-at-break of not less than about 30%, as determined by the formula: 
100*(L,-L,)/L,; 

where Lf is the final length of a film sample at break, and L| is the initial length of the film 
sample prior to elongation. Alternatively, the elongation-at-break can be not less than 
10 100%, and optionally can be not less than about 150%. in other aspects, the microporous 
film can have MD elongation*at-break of not more than about 1500%. Altematively, the 
MD elongation-at-break can be not more than about 1000%, and optionally, can be not 
more than about 500%, 



15 Other aspects of the invention can provide a porous film with an elongation-at-break of not 
less than about 50% in the transverse direction. Alternatively, the TD elongation-at-break 
can be not less than about 100%, and optionally can be not less than about 150%. In 
other aspects, the microporous film can have an elongation-at-break, in the TD, of not 
more than about 1500%. Alternatively, the TD elongation-at-break can be not more than 

20 about 1000%, and optionally can be not more than about 500%. 

Particular aspects of the invention can provide a porous film having an elastic. Young's 
modulus, in the machine direction, of not less than about 1 MPa. Altematively, the MD 
modulus can be not less than about 5 MPa, and optionally can be not less than about 
25 10 MPa. In other aspects, the microporous film can have a MD modulus of not more than 
about 500 MPa. Altematively, the MD modulus can not be more than about 100 MPa. 
and optionally, can be not more than about 50 MPa. 

Further aspects of the invention can provide a porous film having a Young's modulus, in 
30 the transverse direction, of not less than about 1 MPa. Altematively, the TD modulus can 
be not less than about 3 MPa, and optionally, can be not less than about 5 MPa. In other 
aspects, the microporous film can have a TD modulus of not more than about 500 MPa. 
Alternatively, the TD modulus can be not more than about 100 MPa, and optionally, can 
be not more than about 35 MPa. 
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In additional aspects, the invention can provide a porous film which can advantageously 
exhibit an enhanced WVTR value. In particular, the WVTR of the porous film can be not 
less than about 500 g/sq.m/24hr/mil (grams per square meter, per 24 hours, per 0.001 
5 inch of film thickness). Alternatively, the WVTR can be not less than about 

5,000 g/sq.nri/24hr/mil, and optionally, can be not less than about 10,000 g/sq.m/24hr/mil. 
In other aspects, the WVTR can be not more than about 60,000 g/sq.m/24hr/mn. 
Alternatively, the WVTR value can be not more than about 30,000 g/sq.nn/24hr/mil, and 
optionally, can be not more than about 20,000 g/sq.m/24hr/mil. 

10 

In still other aspects, the porous film provided by the present invention can be hydrophilic. 
Desirably, the contact angle with water of the porous film can be approximately 0 ^ 
(degrees). Alternatively, the contact angle can be not less than about 3 degrees, and 
optionally, can be not less than about 5 degrees. In other aspects, the contact angle can 
15 be not more than about 85 degrees. Alternatively, the water contact angle can be not 
more than about 75 degrees, and optionally, can be not more than about 70 degrees. 

The hydrophilic microporous film provided by the technique of the present invention can 
also advantageously exhibit improved water accessibility. In particular aspects, the 
20 invention can provide a hydrophilic porous film having a water uptake rate which can be 
not less than about 0.01 mg/sec. Alternatively, the water uptake rate can be not less than 
about 0.03 mg/sec, and optionally can be not less than about 0.06 mg/sec. In other 
aspects, the water uptake rate can be not more than about 10 mg/sec, alternatively, can 
be not more than about 5 mg/sec, and optionally can be not more than about 2 mg/sec. 

25 

In additional aspects, the provided water uptake amount of the hydrophilic porous film can 
be not less than about O.lmg/mg in 60 sec. Alternatively, the water uptake amount can be 
not less than about 0.5 mg/mg in 60 sec. and optionally can be not less than about 1 
mg/mg in 60 sec. In other aspects, the water uptake amount can be not more than about 
30 40 mg/mg in 60 sec. Alternatively, the water uptake amount can be not more than about 
15 mg/mg in 60 sec, and optionally can be not more than about 5 mg/mg In 60 sec to 
provide improved benefits. 



27 



wo 99/1 4263 PCT/US98/19152 

Further aspects of the invention can provide a microporous film having an enhanced 
surface textur , which can provide improved air circulation and tactile properties. The 
surface texture of the microporous film can have the average peak height of not less than 
about 0.45 microns (Mnn). Alternatively, the microporous film can have a surface texture 
5 with an average peak height which is not less than about 0.65 microns, and optionally, is 
not less than about 0.8 microns. In other aspects, the microporous film can have the 
surface texture with an average peak height of not more than about 30 microns. 
Alternatively, the average peak height can be not more than about 10 microns, and 
optionally, can be not more than about 5 microns to provide desired tactile and physical 
10 properties. 

Suitable testing techniques for obtaining the data for determining the various properties 
the porous film are further described in U.S. Patent Application Serial No. 08/931,574 
entitled MICROPOROUS FILM WITH IMPROVED PROPERTIES, filed September 16. 
15 1997, by V. A. Topolkaraev et al. (attorney docket No. 12.287), the entire disclosure of 
which is hereby incorporated by reference in a manner that is consistent herewith. 

The technique of the invention can generate a plurality of the voids or pores which impart 
the desired porosity to the film 40. The pores can be distributed over the outer surface of 

20 the film and can also be distributed through the interior of the film. In particular 

configurations, the porous structure of the film 40 includes elongate voids of generally 
ellipsoidal shape, and/or voids having a substantially spherical shape. Desirably, the 
elongate voids have their major axes aligned substantially along an direction or axis of the 
film which has been subjected to a relatively higher draw ratio. In particular aspects of the 

25 invention, the elongate voids can have a longer, major axis length which is at least about 
0.05 microns (Mm). Alternatively, the length of the major axis of the voids can be at least 
about 0.2 Mm, and optionally can be at least about 1 Mm. In other aspects, the length of 
the major axis of the voids can be not more than about 100 Mm. Alternatively, the major 
axis length of the voids can be not more than about 50 Mm, and optionally can be not 

30 more than about 20 Mm to provide improved performance. 

To help provide for the desired combination of mechanical strength and water 
accessibility, particular aspects of the invention have films in which the voids of desired 
pore size dimensions constitute at least about 98% of th total number of pores on either 
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or both of the film outer surface or film cross-section. Alternatively, the voids of the 
desired pore size dimensions constitute at I ast about 70%. and optionally constitute at 
least about 50% of the total number of pores on either or both of the film out r surface or 
film cross-section. 

5 

In further aspects of the porous films of the invention, the voids having a major axis length 
within the range of about 0.05 - 100 pm constitute at least about 98% of the total number 
of pores on either or both of the film outer surface or film cross-section. Alternatively, the 
voids of the 0.2 - 50 pm pore size dimensions constitute at least about 70%, and 
10 optionally constitute at least about 50% of the total number of pores on either or both of 
the film outer surface or film cross-section to provide improved mechanical and water 
accessibility properties. 

The elongate pores or voids can also have an aspect ratio value which is determined by 
15 the ratio of the length of the pore major axis to the length of a pore minor axis. In further 
aspects of the invention, the aspect ratio is not less than about 1. Alternatively, the 
aspect ratio is not less than about 1.2. and optionally Is not less than about 1.5. In other 
aspects, the aspect ratio is not more than about 30. Alternatively, the aspect ratio is not 
more than about 15, and optionally is not more than about 10 to provide improved porosity 
20 characteristics and film perfomnance. The major axis of each elongate pore or void is 

typically an axis aligned substantially along the longitudinal dimension of the film, and can 
typically be represented by the largest length measurement of each pores. The minor axis 
of the pore is aligned substantially parallel to a major, facing surface of the porous film, 
and is aligned perpendicular to the major axis, as observed in the photomicrograph or 
25 other imaging or measuring mechanism employed to determine the aspect ratio. 

The porous structure of the film 40 can have surface-open pores distributed across either 
or both of the outer, major surfaces of the film. The surface pores can have a distribution 
with a pore number per unit of outer surface area of not less than about 100 per square 
30 millimeter (mm'). Alternatively, the pore number per unit of outer surface area is not less 
than about 1000/mm', and optionally is not less than about 5000/mm^ In further aspects, 
the pore number per unit of outer surface area is not more than about 500,000 /mm'. 
Alternatively, the pore number per unit of outer surface area is not more than about 
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100.000/mm^, and optionally is not more than about 50.000/nnm^ to provide improv d 
wettability and liquid penetration. 



The porous structure of the invention, with respect to the cross-sectional area of the film 
5 40, can exhibit pore voids with an average pore area (per pore) of not less than about 
0.03 micron^ (Mnn^)- Alternatively, the average pore area (per pore) is not less than about 
0.1 pm^, and optionally is not less than about 0.5 pm^ . In other aspects, the average 
pore area (per pore) is not more than about 100 pm^ Altematively, the average pore 
area (per pore) is not more than about 30 pm^, and optionally is not more than about 10 
10 pm^ to provide improved wettability and liquid penetration. 

The porous structure of the film 40 can also have pores distributed along its cross- 
sectional area to provide a pore number per unit area which is not less than about 
0.01 /pm^ Alternatively, the pore number per unit of area is not less than about 0.03/pm^, 
15 and optionally is not less than about 0.1/pm^ In other aspects, the pore number per unit 
area is not more than about 30/Mm^ Altematively. the pore number per unit area Is not 
more than about 10/pm^, and optionally is not more than about 2/pm^ to provide improved 
wettability and liquid penetration. 

20 In further aspects, the porous structure of the film 40 has pores distributed along the film 
cross-section wherein a sum of the areas of the individual, cross-sectioned pores provides 
a total pore area which not less than about 5% of the total area encompassed by the 
cross-sectioned film (a percent pore area of not less than about 5%). Alternatively, the 
percent pore area is not less than about 10%, and optionally is not less than about 15%. 

25 In other aspects, the percent pore area is not more than about 70%. Altematively, the 

percent pore area is not more than about 60%, and optionally is not more than about 40% 
to provide improved wettability and liquid penetration. 

In contrast, particular aspects of the porous film of the invention can include pores which 
30 are bounded by tensile-stressed, elongated pore walls composed film material which has 
undergone a selected amount of plastic deformation. The stressed regions can be 
obsen/ed at least along boundary edges of the extended, surface voids present on the 
exposed, outermost surface of the film. 
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Examples of porous films which can b produced with the techniqu of th invention are 
described in above-mentioned U.S. Patent Application S rial No. 08/931,574 entitled 
MICROPOROUS FILM WITH IMPROVED PROPERTIES, filed September 16, 1997. by 
V. A. Topolkaraev et al. (attorney docket No. 12,287). 

The following examples are to provide a more detailed understanding of the invention. 
The examples are representative and are not intended to limit the scope of the invention. 



10 

Example 1; 

A CaCOa particulate filler material (SUPERMITE from ECO International) was modified, 
with 6 wt% (based on the weight of the filler material) of DOW CORNING 193 silicone 
glycol surfactant (Dow Corning Corporation). The resultant treated and modified filler 

15 material was intemiixed with a resin composed of an ethylene-octene-1 copolymer 
(DOWLEX NG 3347A supplied by Dow Plastics) by using a FARREL high shear mixer 
(Heritage Plastics Inc.). The CaCOa mean particle size was about 1 micron, and the 
concentration of CaCOa was 43.4 wt% (based on the total weight of the resin, filler, and 
surfactant) as measured by the ashes analysis. The DOW CORNING 193 silicone glycol 

20 surfactant had a HLB number of 12.2. The film material was cast using a laboratory 
HAAKE twin screw extruder operating at 60 rpm, with a 4" film die at a temperature of 
ISS^'C, and with chill rolls. The cast film had a thickness of about 10 mil. The film then was 
stretched at 60''C in air by a factor of 3.5X in its machine direction (MD) and by a factor of 
2.5X in its transverse direction (TD) sequentially using a T. M. Long film stretcher. After 

25 the release of the film from the stretcher, the area stretch ratio of the relaxed film was 
measured. The measured stretch ratio was 2.8X in its MD and 2X in Its TD (area stretch 
5.6X). The mechanical properties of the stretched film were measured with a SINTECH 
tensile tester in both the MD and TD. (T able 1) The surface microtopography of the film 
sample was evaluated by stylus profilometry. The microporous structure of the film 

30 sample was analyzed by SEM, and the water accessibility was measured using a CAHN 
DCA 322 microbalance (Table 1 ). The water vapor transmission rate (WVTR) was 
measured by the cup method (Table 1), and the contact angle with distilled water was 
measured using an image analysis of a high speed video recording of water micro-drops 
on the surface of the film sampi . (Table 1). 



wo 99/14263 



PCTAJS98/19152 



Example 2: 

Particles of CaCOa (SUPERMITE from ECC International) filler material were surface- 
modified with DOW CORNING 193 silicone glycol surfactant (Dow Corning Corporation) in 
5 an acetone-surfactant solution. The surfactant content was 6 wt% based on the weight of 
the filler, as determined by thermal gravimetric analyses (TGA ). The modified filler 
particles were Intermixed with a resin composed of an ethylene-octene-1 copolymer 
(DOWLEX NG 3347A supplied by Dow Plastics) by extruding the combined materials 
twice through a laboratory HAAKE twin screw extruder. The concentration of CaCOs was 

10 38.2 wt% (based on the total weight of the resin, filler, and surfactant) as measured by the 
ashes analysis. The film material of the example was cast using a laboratory Haake twin 
screw extruder operating at 60 rpm, with a 4" film die at temperature 185^0, and with chill 
rolls. The cast film had a thickness of about 10 mil. The film was then stretched at 60^C in 
air by a factor of 3.5X in its machine direction (MD) and by a factor of 2.5X in its 

15 transverse direction (TD) sequentially using a T. M. Long film stretcher. The stretch ratio 
of the relaxed film was measured as of 2.28X in the MD and 1.97 in the TD. The 
mechanical properties of the stretched film were measured in the MD and TD, as well as 
water uptake rate and water uptake amount, and are summarized in the Table 1. 

20 Example 3: 

Particles of CaCOa (SUPERMITE® from ECC International) filler material were modified 
by a coating treatment with 6 wt% (based on the weight of the filler) of DOW CORNING 
193 silicone glycol surfactant (Dow Corning Corporation). The modified filler particles 
were intermixed with a resin composed of an ethylene-octene-1 copolymer (DOWLEX NG 

25 3347A supplied by Dow Plastics) by using a PARREL high shear mixer (Heritage Plastics 
Inc.). The concentration of CaCO, was 43.4 wt% (based on the total weight of the resin, 
filler, and surfactant) as measured by the ashes analysis. A blown film of 1 mil thick was 
produced from the resultant film material composition. The surface microtopography, 
mechanical properties in both its MD and TD, as well as the contact angle with distilled 

30 water, and WVTR were measured for this film (Table 1 ). 

Example 4: 

Particles of CaCOj (SUPERMITE from ECC International) filler material were modified by 
a coating treatment with 6 wt% (based on the weight of the filler) of DOW CORNING 193 
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silicone glycol surfactant (Dow Corning Corporation). The modified filler particles wer 
intermixed with a resin compos d of an ethylene-octene-1 copolymer (DOWLEX NG 
3347A supplied by Dow Plastics) by employing a FARREL high shear mixer (Heritage 
Plastics Inc.). The concentration of CaCOg was 43.4 wt% (based on the total weight of the 
5 resin, filler, and surfactant) as measured by the ashes analysis. The film material was cast 
using a laboratory HAAKE twin screw extruder operating at 60 rpm, with a 4" film die at 
temperature 185°C, and with chill rolls. The cast film had a thickness of about 10 mil. The 
film was then stretched at eO^'C in air by a factor of 3.5X in its machine direction (MD) and 
by 2.5X in its transverse direction (TD) simultaneously using T. M. Long film stretcher. 
10 The stretch ratio of the relaxed film was measured as of 3.3X in the MD and 1.95X in the 
TD. The tensile properties of this film in MD and TD, as well as WVTR, and the contact 
angle were measured for this film and are summarized in Table 1 . 

Example 5; 

15 A resin composed of an ethylene-octene-1 copolymer (DOWLEX NG 3347A supplied by 
Dow Plastics) was intermixed with particles of CaCOa (SUPERMITE from ECC 
International) filler material. The concentration of the CaCOg was 50 wt% (based on the 
total weight of the resin and filler). The blown film of 1 mil thick was produced from the 
above composition. The tensile properties of this film in the MD and the TD, as well as the 

20 water uptake performance and the water contact angle were measured for this film and 
are summarized in Table 1. 

Example 6: 

Particles of CaCOa (SUPERMITE from ECC International) filler material were modified by 
25 treatment with 6 wt% (based on the weight of the filler) of DOW CORNING 193 silicone 
glycol surfactant (Dow Corning Corporation). The modified filler particles were intermixed 
with a resin composed of an ethylene-octene-1 copolymer (DOWLEX NG 3347A supplied 
by Dow Plastics) by using a FARREL high shear mixer (Heritage Plastics Inc.). The 
concentration of the CaCOa was 43.4 wt% (based on the total weight of the resin, filler, 
30 and surfactant) as measured by the ashes analysis. The film material was cast using a 
laboratory HAAKE twin screw extruder operating at 60 rpm, with a 4" film die at 
temperature 185*^0, and with chill rolls. The cast film had a thickness of about 10 mil. The 
film was then stretched at GO^'C in air by a factor of 3.5X in its MD using a T. M. Long film 
stretcher. The stretch ratio of the relaxed film was measured as of 3.03X in the MD and 
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0.98X in its TD. The contact angle and wat r uptake were measured for this film, as w II 
as tensile properties in MD, and are summarized in Table 1 . 



Example 7: 

5 Particles of CaCOa (SUPERMITE from ECC International) filler material were modified by 
treatment with 6 wt% (based on the weight of the filler) of DOW CORNING 193 silicone 
glycol surfactant (Dow Coming Corporation). The modified filler particles were intermixed 
with a resin composed of an ethylene-octene-1 copolymer (DOWLEX NG 3347A supplied 
by Dow Plastics) by using a FARREL high shear mixer (Heritage Plastics Inc.). The 

1 0 concentration of the CaCOj was 43.4 wt% (based on the total weight of the resin, filler, 
and surfactant) as measured by the ashes analysis. The film was cast using a laboratory 
HAAKE twin screw extruder operating at 60 rpm, 4" film die at temperature 185*C, and the 
chill rolls. The cast film has a thickness of about 10 mil. The film then was stretched at RT 
in air by 4.5X in MD using a SINTECH tensile tester. The contact angle and water uptake 

15 have been measured for this film, as well as tensile properties in MD. and are 
summarized in Table 1. 

Example 8; 

Particles of CaCOg (SUPERMITE from ECC International) filler material were modified by 
20 treatment with 6 wt% (based on the weight of the filler) of IGEPAL RC 630 surfactant 
(Rhone-Poulenk INC.). The modified filler particles were intermixed with a resin 
composed of an ethylene-octene-1 copolymer (DOWLEX NG 3347A supplied by Dow 
Plastics) by extruding the combined materials twice through a laboratory HAAKE twin 
screw extruder. The concentration of CaCOa was about 45 wt% (based on the total weight 
25 of the resin, filler, and surfactant). The IGEPAL RC 630 surfactant had a HLB number of 
12.7. The film was cast using a laboratory HAAKE twin screw extruder operating at 60 
rpm. with a 4- film die at temperature 185**C, and with chill rolls. The cast film had a 
thickness of about 10 mil. The film was then stretched at room temperature in air by a 
factor of 4.5X in its MD using a SINTECH tensile tester. The water contact angle and 
30 water uptake data, as well as the tensile properties in the MD, were measured for this film 
and are summarized in Table 1. 
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Example 9; 

This sample was composed of comm rcially available microporous polypropylene film, 
CELGARD 2500. having gauge of 1 mil and availabi from Hoechst Celanese 
Corporation, a business having offices located In Charlotte, North Carolina. The properties 
5 of the film were measured and are summarized in the Table 1 . 

Example 10: 

This sample was composed of commercially available microporous polypropylene film, 
CELGARD 2500, obtained from Hoechst Celanese Corporation, The microporous film had 
10 a gauge of 1 mil, and was surfactant modified by immersing in a solution of 10 wt% 
hydrophilic silicon glycol (DOW CORNING 193) surfactant in acetone for 1 hour and 
drying at 50 ""C for 6 hours before testing. The water uptake of the modified microporous 
film has been measured, as well as tensile properties, and are summarized in Table 1. 

Example 11: 

This sample was composed of semi-commercially available (pilot plant production) 
biaxially stretched filled polyoiefin film, received from Mitsubishi Petrochemical Co., LTD., 
a business having offices in Tokyo, Japan. The concentration of CaCOj in the film was 
60 wt%. The properties of the film were obtained from a second source and are 
summarized in Table 1. 

Sxgmple 12: 

This sample was composed of commercially available stretched filled polyoiefin film, 
available from KAO Corp., a business having offices in Japan. The concentration of 
25 CaCOa in this film was 54 wt%. The properties of the film were obtained from a second 
source and are summarized in Table 1. 
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The comparative data shown in Table 1 indicate that the hydrophilic, porous films of the 
inv ntion, particularly the blaxially stretched microporous films ( .g. Examples 1 . 2, and 4) 
can demonstrate superior balance between mechanical performance and functional 
properties, as compared to conventional films known in the prior art (e.g. Examples # 5, 9. 
10. 11, and 12). The films can provide more balanced tensile properties in both the 
machine and transverse directions, can provide a low modulus, such as a modulus of not 
more than 40 MPa, and as a result can exhibit high flexibility. The films of the invention 
can exhibit an improved specific breathability, such as a water vapor transmission rate 
which is in the range of about 16,000 g/sq,m/24h/mil, can exhibit improved wettability, 
such as contact angles below 70 deg. The films can also exhibit improved water uptake 
potential in the range 1.5-2 mg/mg. In addition, the stretched films, particularly the 
blaxially stretched films, of the present invention can provide a distinctive surface-open 
interconnected porous morphology, and can provide a well-developed surface 
microtopography which can improve the tactile properties of the film. 

Having thus described the invention in rather full detail, it will be readily apparent that 
various changes and modifications can be made without departing from the spirit of the 
invention. All of such changes and modifications are contemplated as being within the 
scope of the invention, as defined by the subjoined claims. 
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1 . A method for forming a porous film, comprising a stretching of a layer composed of a 
polymer material and at least about 5 wt% of a particulate filler material; 

said particulate filler material having been treated with an operative amount of 
surface-active material having a HLB value of not less than about 6. 

2. A method as recited in claim 1 , wherein said layer of polymer material Includes not 
less than about 10 wt% of said particulate filler material. 

3. A method as recited in claim 1 , wherein said layer of polymer material includes not 
more than about 90 wt% of said particulate filler material. 

4. A method as recited in claim 1 , wherein said stretching is provided at a stretching 
rate of up to about 5000%/min. 

5. A method as recited in claim 1 , wherein said stretching is provided at a stretching 
rate of up to about 4000%/min. 

6. A method as recited in claim 1 , wherein said stretching is provided at a stretching 
rate of at least about 50%/min. 

7. A method as recited in claim 1. wherein said stretching is provided at a stretching 
rate of at least about 1 00%/min. 

8. A method as recited in claim 1, wherein said stretching is provided along at a 
stretching draw ratio of not less than about 1.1. 

9. A method as recited in claim 8. wherein said stretching is provided at a stretching 
draw ratio of not more than about 10. 

10. A method as recited in claim 1, wherein said stretching Is provided at a stretching 
draw ratio of not less than about 1.5. 
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11. A method as recited in claim 1 1 , wherein said stretching is provided at a str tching 
draw ratio of not mor than about 5. 



12. A method as recited in claim 1 , wherein said stretching of said layer comprises a 
biaxial stretching along a first direction and a second direction. 

13. A method as recited in claim 12, wherein said stretching along said first direction is 
provided at a first, stretching draw ratio of at least about 1.5. 

14. A method as recited in claim 13, wherein said stretching along said second direction 
is provided at a second, draw ratio of at least about 1.1. 

15. A method as recited in claim 14, wherein said stretching along said first direction is 
provided at a first draw ratio of not more than about 5. 

16. A method as recited in claim 15, wherein said stretching along said second direction 
is provided at a second draw ratio of not more than about 5. 

17. A method as recited in claim 1 , wherein said particulate material has been treated 
with at least about 2 wt% of said surface-active material. 

18. A method as recited in claim 1, wherein said particulate material has an average 
particle size of not more than about 5 microns. 

19. A method as redted In claim 18, wherein said particulate material has an average 
particle size of not less than about 0.2 microns. 

20. A method as recited in claim 1 , further comprising a quenching of said film after said 
stretching of said layer while said layer is substantially maintained in its stretched 
condition. 
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21 . A method as recited in claim 1 , further comprising a heat-setting of said film after 
said stretching of said layer whil said layer is substantially maintained in its stretched 
condition. 

22. A method as recited in claim 1 , wherein said stretching includes an assisted 
stretching, with said layer in an operative contact with an effective, second volume of a 
surface-active fluid. 

23. A method as recited in claim 22, wherein said effective, second volume of a surface- 
active liquid fluid has a HLB value of at least about 6. 
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